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1. Oscillatory orientation of ACN dipole near electrode surface

Figure S1 shows the concentration and dipole orientation profiles of the ACN molecules near a
positive electrode (¢ = 0.1 C/m?) in contact with hybrid electrolyte with 50% ACN and 50%
[BMIM][BF,]. As expected, the dipole of the first ACN layer adjacent to the electrode is
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Figure S1. Concentration (panel a) and average dipole orientation (cos 6) (panel b) profiles of ACN
molecules near electrodes with surface charge density of 0.1 C/m?. The electrolyte is made of 50%
ACN (mass fraction) and 50% [BMIM][BF,4]. 6 is defined as the angle spanned by the dipole of an
ACN molecule (pointing from the negative charge to the positive charge) and the normal direction of

the electrode surface. The position of ACN molecules is based on their center of mass.

oriented mainly away from the electrode surface. However, the ACN molecules adjacent to the
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first ACN layer orient their dipole toward the electrode, and the oscillatory distribution of ACN
dipole penetrates about 1.5 nm into the bulk electrolyte. The alternating orientation of the dipole
of ACN molecules observed here is very similar to that described for the generalized solvents in

the main text.
2. Derivation of Equation (4)

The derivation is similar to that reported in one of our prior paper,' and is detailed here for
completeness. We consider an EDL near an open planar electrode with a surface charge density

of o (see Figure S2). The potential distribution inside the EDL observes the Poisson equation

d’¢p PV
dy’ g (51)

Set the potential ¢ in the bulk electrolyte to zero and integrate Equation (1) twice, we have
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Figure S2. Schematic of an EDL near a planar electrode in equilibrium with bulk electrolytes. Two
coordinate systems are used to derive the potential drop across the EDL. The first, y-coordinate system
has its origin in the bulk electrolyte liquids, where the space charge density is zero. The second, z-

coordinate system has its origin at the electrode surface.

Using integration by parts, Equation (2) is transformed to

1 py
Pp(y)=—— ’ (v— _\") pc(_\") d_\" (S3)
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Therefore, the potential drop across the EDL is
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Since L — y is the distance between point y and the electrode surface (see Figure S2), Equation
S4 can be transformed to the z-coordinate system as

1t (S5)
Abep, = _f_of Zpedz
0

In the absence of molecular solvents, using Equation (S5) and the space charge as given in the

lower portion of panel a in Figure 5 (reproduced here as Figure S3), we obtain

A¢RTJL_O?1ly = U[do + Z?‘;l(_l)i]/iAi]/gO (S6)
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Figure S3. Distribution of space charge inside EDLs described by the “counter-charge layer in
generalized solvents” framework. Here only RTILs are present inside the EDL. See main text for the

definition of symbols.

Using Equation (4), it is straightforward to show that the contribution of the molecular
solvents to the potential drop across EDL is

Apsovents = U[_Nsol#sol(cos 9)]/‘90 (S7)

where N,,; is the amount of solvent molecules inside the entire EDL per unit area scaled by the
electrode surface charge density, u,; is the dipole moment of each solvent molecule, and
(cos 8) is the average dipole orientation of all solvent molecules inside the EDL with respect to
the normal direction of the electrode surface. Combining Equations S6 and S7 will lead to
Equation (4) in the main text.
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